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Abstract
Background: Structured examination routines have been developed as educational resources for musculoskeletal
clinical skills teaching, including Gait-Arms-Legs-Spine (GALS), Regional Examination of the Musculoskeletal System
(REMS) and paediatric GALS (pGALS). In this study, we aimed to assess the awareness and use of these examination
routines in undergraduate medical teaching in UK medical schools and UK postgraduate clinical practice.
Methods: Electronic questionnaires were distributed to adult and paediatric musculoskeletal teaching leads at UK
medical schools and current UK doctors in training.
Results: Responses were received from 67 tutors representing teaching at 22/33 [67 %] of all UK medical schools,
and 70 trainee doctors across a range of postgraduate training specialities. There was widespread adoption, at
responding medical schools, of the adult examination routines within musculoskeletal teaching (GALS: 14/16 [88 %];
REMS: 12/16 [75 %]) and assessment (GALS: 13/16 [81 %]; REMS: 12/16 [75 %]). More trainees were aware of GALS
(64/70 [91 %]) than REMS (14/67 [21 %]). Of the 39 trainees who used GALS in their clinical practice, 35/39 [90 %]
reported that it had improved their confidence in musculoskeletal examination. Of the 17/22 responding medical
schools that included paediatric musculoskeletal examination within their curricula, 15/17 [88 %] used the pGALS
approach and this was included within student assessment at 4 medical schools.
Conclusions: We demonstrate the widespread adoption of these examination routines in undergraduate education
and significant uptake in postgraduate clinical practice. Further study is required to understand their impact upon
clinical performance.
Keywords: GALS, REMS, pGALS, Medical education, Musculoskeletal, Examination, Questionnaire, Undergraduate,
Postgraduate, Clinical practice
Background
Physical examination skills form an integral compo-
nent of clinical practice and as such are recognised as
essential learning outcomes in undergraduate medical
education [1, 2]. Much attention has traditionally been
focussed upon the four “core” bodily systems through
the use of structured cardiovascular, respiratory,
abdominal and neurological examination routines
which are reinforced by assessment at qualification
and postgraduate levels. In contrast, confidence and
competence in musculoskeletal (MSK) examination is
often poor and frequently overlooked in routine
clinical practice [3, 4] despite the high prevalence of
MSK symptoms in the general population [5].
The deficiency in MSK clinical skills education is
arguably most apparent in the paediatric setting.
Previous studies have demonstrated a significant lack
of confidence in paediatric MSK examination skills
within doctors from both primary and secondary
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care despite their previous exposure to adult MSK
medicine [6, 7]. Furthermore, the unique spectrum
of paediatric MSK presentations and their relation-
ship to normal development, the challenges of his-
tory taking from the young child / carer dyad and
the acquisition of paediatric MSK clinical skills are
all different to those relevant in the adult setting
[8].
To help address the unmet need for improved educa-
tion in both adult and paediatric MSK clinical skills, a
series of structured examination routines have been de-
veloped including the Gait-Arms-Legs-Spine approach
(GALS – 1992) [9], the Regional Examination of the
Musculoskeletal System (REMS – 2004) [10] and most
recently paediatric GALS (pGALS – 2006) [8] and paedi-
atric REMS (pREMS – 2011) [11]. For GALS, REMS and
pGALS, educational resources have been made freely
available to medical schools via booklets, DVDs and on-
line with the charitable support of Arthritis Research UK
[12]. Resources for pREMS were not available at the
time of this study but video demonstrations are now
available on the Paediatric Musculoskeletal Matters web-
site [13] with signposting to this via the Arthritis Re-
search UK website.
In this study, we aimed to assess the impact of GALS,
REMS and pGALS in terms of their use within the
teaching and assessment of MSK clinical skills at UK
medical schools. A further aim was to understand the
impact of these tools in clinical practice by UK trainee
doctors.
Methods
Questionnaires (see Additional files 1, 2 and 3) were de-
signed to assess awareness, use and clinical relevance of
the GALS, REMS and pGALS examination routines and
their inclusion in undergraduate assessments through a
combination of multiple choice questions, 5-point Likert
statements and free-text responses. Questionnaires were
pretested and piloted by the study authors and an add-
itional four researchers to assess face and construct val-
idity. Suggestions for improved clarity of the layout and
question wording were incorporated within the design of
the survey before distribution. Electronic questionnaires
were distributed in 2013 by an invitation email contain-
ing a link to the survey website, where respondents
could complete the survey anonymously. Three main re-
spondent groups were targeted, namely: (i) adult MSK
tutors, (ii) those responsible for delivering paediatric
MSK teaching (hereafter referred to as “paediatric MSK
tutors”) and (iii) current trainee doctors. Adult MSK tu-
tors comprised the lead tutor of adult MSK medicine at
each of the 33 UK medical schools as identified by a
contact list updated by Arthritis Research UK. In con-
trast, there was no available contact list for paediatric
MSK tutors. For the purposes of this study, our prag-
matic definition of paediatric MSK tutors included both
locally identified child health teaching leads at UK med-
ical schools, plus UK paediatric rheumatology consul-
tants and specialist registrars. We were able to identify
and distribute questionnaires to 20 child health teaching
leads, 15 UK paediatric rheumatology specialist regis-
trars and 27 UK paediatric rheumatology consultants.
There were 54,055 doctors in training in the UK in
2013 [14], and distributing surveys directly to this group
proved logistically challenging due to the lack of an ac-
cessible central trainee database and their wide geo-
graphical distribution across multiple training bodies.
Engagement with current trainee doctors who graduated
from a UK medical school was therefore achieved via an
online medical community (www.doctors.net.uk) with a
gift voucher prize draw offered as an incentive to partici-
pation. This survey was made available to 12,000 unse-
lected UK doctors via an educational bulletin email. The
questionnaire was viewed by approximately 2,400 (20 %)
recipients with 70 eligible responses from current UK
trainee doctors received. Responses for the REMS and
pGALS section of the questionnaire were not received
from 3 trainees. An additional 11 responses were re-
ceived from doctors who were either not based in the
UK and/or not currently in a clinical training post and
were therefore excluded from our analysis.
Results
Survey respondents
Responses were received from 19 adult MSK tutors at
16 medical schools, and 48 paediatric MSK tutors at 20
medical schools. Combined, the tutor survey responses
represented teaching at a total of 22/33 (67 %) of all UK
medical schools: 14 England, 5 Scotland, 2 Wales and 1
Northern Ireland. Responses were received from 70
trainees in a range of different specialities including the
UK Foundation Programme, primary care and various
secondary care specialities (Table 1).
Tutor awareness of MSK examination routines and use in
undergraduate teaching
Tutor awareness of the adult MSK examination routines
was high: GALS: 19/19 [100 %], REMS: 15/19 [79 %] of
adult MSK tutor responses (Fig. 1). This awareness
translated into impact as responses showed that GALS
and REMS routines were incorporated within the under-
graduate teaching programmes of 14/16 (88 %) and 12/
16 (75 %) of responding medical schools respectively.
These examination routines were incorporated within
the formal assessment of medical students (GALS: 13/16
[81 %], REMS: 12/16 [75 %] responding medical
schools). The format of these adult MSK assessments
was not requested in the survey.
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Based upon the 67 tutor responses, paediatric MSK
examination has been included within general MSK and/
or paediatric teaching programmes at 17/22 (77 %) med-
ical schools. Commonly cited reasons for not including
paediatric MSK examination within teaching pro-
grammes included time constraints and a lack of tutors
who were confident in delivering paediatric MSK teach-
ing locally.
All 48 paediatric tutors surveyed were aware of
pGALS, whilst awareness was limited to 12/19 (63 %) of
responding adult MSK tutors. Of the 17 responding
medical schools that included paediatric MSK examin-
ation within their teaching programmes, 15/17 (88 %)
taught the pGALS approach and 13/17 (76 %) allowed
for practice of examination technique with children with
a spectrum of MSK problems. Where pGALS was
taught, the examination routine was incorporated within
the formal assessment of students in 4/15 (27 %) of
these medical schools as part of an objective structured
clinical examination (OSCE).
Trainee doctor awareness of MSK examination routines
and reported use in clinical practice
Awareness of GALS was high amongst trainees (64/70
[91 %] responses), though less were aware of REMS (14/
67 [21 %] responses). Concomitantly, more trainees re-
ported using GALS (39/70 [56 %] responses) than REMS
(9/67 [13 %] responses) in their current clinical practice
(Fig. 1). Of the 39 trainees who used GALS, 35/39
(90 %) felt it had improved their ability to detect signifi-
cant MSK pathology.
Undergraduate exposure to paediatric MSK medicine
appeared to be low in the respondents; only 15/67
(22 %) of trainees recalled any form of teaching in paedi-
atric MSK examination at medical school. Nevertheless,
22/67 (33 %) of trainees across a broad range of special-
ities were aware of the pGALS, suggesting some post-
graduate exposure to this examination routine. There
was a wide variation in the degree of exposure to paedi-
atric medicine within the different trainee speciality
groups; 32/70 (46 %) of trainees reported clinical contact
with children on at least a weekly basis. Of these
trainees, 3/32 (9 %) use pGALS in their current clinical
practice, all of whom were general paediatric trainees.
Perceived quality of MSK examination routines
The majority of tutors and trainees alike rated the qual-
ity of the examination routines highly in Likert state-
ment responses. Positive free-text responses focussed
especially around the simplicity and ease of remember-
ing the sequence of the examination routines. However,
the GALS routine was identified as over-simplistic for
use in clinical practice by several tutors and trainees.
Furthermore, several paediatric tutors remarked that the
pGALS approach can encourage a superficial rote-
learning of paediatric MSK examination rather than a
detailed understanding; however, the influence of the
local curriculum and student factors in this context was
not discussed.
Discussion
In this survey we examined the use of structured ap-
proaches to MSK examination (GALS, REMS and
pGALS) within undergraduate teaching at UK medical
schools, and then explored the awareness and use of
these routines by training-grade doctors in their current
clinical practice. Our data shows that GALS is most
widely taught, most likely to feature in undergraduate
assessments, most likely to be used in clinical practice
and leads to improved self-rated confidence in MSK
examination by the trainee doctors who responded to
our survey. Our results thus provide encouraging evi-
dence to support the acceptance of adult MSK examin-
ation as a core skill in UK undergraduate medical
education and a proficiency which is relevant and useful
to trainees in their future clinical practice.
With regard to adult general MSK examination, and
using Miller’s pyramid approach to clinical competence
[15], we present evidence to support the widespread
knowledge of GALS (“knows how”) and incorporation of
this within undergraduate teaching and assessment
(“shows how”). However, the successful mastery of
GALS in clinical practice, represented by the apical
“does” level of Miller’s pyramid, remains difficult to as-
sess. Previous studies include clinical notes audit [16]
and surveys of orthopaedic and rheumatology clinicians
[17], and these have suggested a low use of GALS in
Table 1 Demographics of trainee doctors who responded to
the survey
Demographic Value
Number of eligible responses received 70
Female: n (%) respondents 42 (60 %)
Age: median (IQR) years 29 (27–31)
Time since primary medical qualification: median (IQR) years 4 (2–5)
Current training speciality: n (%)
General Practice 20 (29 %)
UK Foundation Programme 18 (26 %)
Paediatrics 5 (7 %)
Acute Care Common Stem (ACCS) 5 (7 %)
Core Medical Training (CMT) 4 (6 %)
Orthopaedics 3 (4 %)
Emergency Medicine 3 (4 %)
Core Surgical Training 2 (3 %)
Other specialities 10 (14 %)
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clinical practice. It is therefore particularly striking to
observe that the majority of trainees in our study report
use of GALS in their current clinical practice and that
GALS has improved their self-confidence in adult MSK
examination, an effect of the examination routine which
has also been observed previously [18, 19].
There is an apparent discordance between the exten-
sive integration of the REMS examination routine within
medical student teaching programmes and relatively low
levels of awareness amongst current trainee doctors. Al-
though we cannot confirm, it is plausible that our re-
spondents may adopt a regional examination approach
but not refer to this as ‘REMS’. Alternatively the con-
scious use of the REMS routine may be more applicable
to MSK specialities such as rheumatology and orthopae-
dics than more general areas. This finding highlights the
limited nature of survey-based research and indicates
that more in-depth study is required to better under-
stand the apparent underuse of the REMS routine in
clinical practice.
The incorporation of pGALS within educational as-
sessments at many medical schools is an important ob-
servation given the evidence to support that “assessment
drives learning” [20, 21]. A previous survey of UK med-
ical schools by Jandial et al. (2009) [22] provided evi-
dence of paediatric MSK clinical skills teaching at 9/23
(39 %) of responding medical schools, which has sub-
stantially increased to 17/22 (77 %) in this current study.
Furthermore, it is noteworthy that the majority of med-
ical schools in our current survey provide opportunities
to practice MSK examination skills with children with
MSK disorders, in contrast to the largely lecture-based
Fig. 1 Awareness (a) and use (b) of structured musculoskeletal examination routines by undergraduate tutors and postgraduate trainee doctors.
Tutor awareness is shown as percentage of adult tutor responses received for GALS and REMS, and as percentage of total tutor responses for
pGALS. Use in medical school teaching and assessment is shown as percentage of medical schools at which responding tutors are based. ns:
not surveyed
Baker et al. BMC Medical Education  (2016) 16:277 Page 4 of 6
teaching previously identified [22]. While it is noted that
many trainees were unable to recall any undergraduate
tuition in paediatric MSK examination, this is likely to
reflect the evolution of paediatric MSK teaching in med-
ical schools since the relatively recent emergence of
pGALS (2006). These observations suggest a need to fur-
ther embed MSK clinical skills within child health teach-
ing at undergraduate level, and the need to learn skills in
appropriate clinical contexts in order to aid understand-
ing and avoid low-level learning by rote.
Notable strengths of this study include the wide geo-
graphical survey of educational practice at a national
level across the United Kingdom and the inclusion of re-
sponses from trainee doctors across a broad range of
postgraduate specialities. Nevertheless, there are several
limitations to this study. First, tutors at only two thirds
of UK medical schools responded, leading to a concern
that non-response was biased towards those schools
with low awareness and use of MSK resources. Second,
a contact list of paediatric MSK tutors was (and re-
mains) unavailable, and thus we distributed surveys to
those who we identified as likely being responsible for
delivering undergraduate paediatric MSK teaching,
namely general child health teaching leads, and consul-
tants and specialist registrars in paediatric rheumatology.
However, despite our best efforts, we were unable to
contact the child health teaching lead at 13 medical
schools. It is further possible that additional tutors de-
liver paediatric MSK teaching but did not fall within our
targeted survey groups. The mixed strategy for targeting
paediatric MSK tutors that we adopted resulted in a
greater number of responses versus the adult MSK tutor
group (48 vs. 19 respectively). It is thus possible that our
survey may underrepresent the use of the adult MSK re-
sources – however, the universally high reported use of
GALS would suggest this is likely to have had little effect
upon our results. Distributing surveys to trainee doctors
proved challenging owing to the fluid and geographically
disperse nature of this group. Through the use of an on-
line community we were able to survey across a wide
range of trainee doctor specialities, although the re-
sponse rate was disappointingly low (only 0.5 % of the
total number of doctors who received the survey invita-
tion). A response bias may have affected our result – i.e.
responding trainee doctors may differ from non-
responders in their exposure to and enthusiasm for
MSK medicine – and it is thus impossible to extrapolate
the results of our survey to the wider UK trainee doctor
population. Furthermore, the self-reported use of and
confidence in MSK examination routines by trainee
doctors may not necessarily equate to competent per-
formance in clinical practice, although the assessment
of this lies outside of the scope of a questionnaire-
based survey.
Conclusions
In summary, we demonstrate the widespread adoption
of GALS, REMS and pGALS in the teaching of MSK
clinical skills at UK medical schools, with evidence of
uptake and use in postgraduate clinical practice. The im-
pact of these examination routines upon medical student
teaching will be affected by wider factors including the
context and emphasis placed upon MSK skills teaching
within the local curriculum, the resources that are avail-
able to deliver such teaching and the methods of assess-
ment used. Further work to scope the delivery of and
barriers to MSK teaching, particularly in the paediatric
setting, would be beneficial. The ultimate affirmation of
the value of structured MSK examination routines would
be to demonstrate a positive effect upon clinical per-
formance, and this would require a different methodo-
logical approach to that described here. Further
qualitative, observational as well as quantitative research
is required to improve our understanding of the impact
of these structured routines upon the mastery of MSK
examination skills in real-life clinical settings and the
consequent delivery of patient benefit.
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